Syntheses, thermal behavior, and IR data of three hydrogen squarates, Hsq − , with 2-(acetylamino)-4-methylpyridinium, [(C 8 H 11 (3), and one squarate, sq 2− , with 2-amino-4-methyl-pyrimidinium cations, [(C 6 H 9 N 2 ) 2 (C 4 O 4 )] (4) are reported. The crystal structures of 1 and 4 have been studied. The compounds decompose in two thermal stages: (i) release of organic base, (ii) decomposition of squarate. Crystallographic analyses show that 1 and 4 have S6, R 2 2 (10) R 2 2 (9) R 2 2 (7) rings. The hydrogen bonding motifs formed by the hydrogensquarate anions interact with the ammonium cations through N-H··· O hydrogen bonds and give rise to predominantly layered structures, which also exhibit three-dimensional connectivity.
Introduction
Hydrogen bonding is the most common concept of generating supramolecular organic systems by crystalengineering and molecular recognition. Hydrogenbonded systems generated from organic cations and anions are of special interest since they would be expected to show stronger hydrogen bonds than neutral molecules [1, 2] . Squaric acid (H 2 C 4 O 4 , H 2 sq), has been of interest because of its cyclic structure and possible aromaticity and used as a building block in crystal engineering due to the simplicity of the cyclic units [3, 4] . It can be found in three forms (Scheme 1), (a) as uncharged H 2 sq, (b) as Hsq − monoanion and (c) as sq 2− dianion. There are reports of a few assorted organoammonium squarates in the literature [4 -15] . Recently, we reported the crystal structures of dinicotinamidium squarate [16] , picolinamidium squarate and di-p-toluidinium squarate dihydrate [17] . In the present paper, we describe the synthesis and characterization of four novel organoammonium squarates: 2-(acetylamino)-4-methylpyridinium hydrogensquarate (1), 2-carboxamidopyridinium hydrogensquarate (2), 2-methylpyridinium 0932-0776 / 06 / 1900-1243 $ 06.00 © 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Squaric acid and its anions. hydrogensquarate monohydrate (3), and di(2-amino-4-methylpyrimidinium) squarate (4) , and the crystal structures of 1 and 4. Because squarates are stable up to 300
• C [18] and exhibit strong hydrogen bonding networks, the thermal behavior of the compounds was also studied.
Results and Discussion

IR spectra
The important IR absorption bands of the compounds are listed in [19] , and at 1822 and 1643 cm −1 in the IR spectrum of squaric acid [20] . The thermal decomposition pathway of 3 consists of four stages. The first stage is related to the dehydration with one water molecule being released in an endothermic effect (DTG max = 51 • C; found 7.40; calcd. 7.99%). In the second and third stages, 2-picolinamide is released and squaric acid is also decomposed (DTG max = 211, 282 • C) in successive endothermic and exothermic processes. In the last stage, the remaining organic residue is burnt (DTG max = 473 • C). For 4, the first stage is related to the endothermic removal of the 2-amino-4-methyl-pyrimidine molecule in the temperature range of 137 -215 • C (DTG max = [8] ). These bond lengths indicate a degree of 
Thermal analyses
delocalization in the Hsq − ion as observed in previous studies [2, 4, 17] .
Pairs of the crystallographically unique Hsq − unit interact to give self-complimentary O-H···O bonds (Table 3 ) and form a head-to-head cyclic R 2 2 (10) dimer [21] (Fig. 2) . This R 2 2 (10) hydrogen-bonded dimer is similar to that commonly found in carboxylic acids [22 -24] . Such a dimeric unit has been found in a few other hydrogensquarates [4] and can be regarded as an expanded acetate moiety [25] . The dimers are further connected to the two ends of the pyridine rings through N-H···O (Table 3) hydrogen-bonding to form R 2 2 (9) and S6 rings [21] . Such layers are stacked one above the other in the ABBA fashion and interact through C-H···π and N-H···O bonds to form a 3D network. For the C6-H6···Cg contact (Cg = pyridine ring), the distance between atom H6 and the aromatic ring centroid is 3. A summary of crystallographic data and refinement results for 4 are given in Table 2 . Each squaric acid molecule donates one H atom to each of the pyrimidine N atoms of the 2-amino-4-methyl-pyrimidine molecules, forming the 2-(N-acetylamino)-4-methylpyridinium squarate salt, which has two 2-amino-4-methyl-pyrimidinium cations and one squarate dianion (Fig. 3) . The sq 2− ion have two C-O bonds [C6-O1 = 1.261(2)Å; C7-O2 = 1.240(2)Å] that are approximately equal and slightly longer than a normal C=O bond [26] . As for 1, these lengths indicate a degree of delocalization in the sq 2− ion. The C1-N1 bond length [1.315(2)Å] in the pyrimidinium ring is approximately equal to the length of a previously reported C=N double bond [27 -31] . The formal positive charge residing on the N1 + H group does not appear to affect the resonance structure of the pyridine ring. This was also observed in the crystal structure of picolinamide [17] .
The components of the asymmetric unit interact between themselves through a pair of self-complimentary N-H···O bonds (Table 4) to form a R 2 2 (9) ring [21] (Fig. 3) . The asymmetric units are linked by N-H···O hydrogen bonded R 2 2 (7) rings (Fig. 4) and C-H··· π and π ···π interactions (Fig. 5) to generate a three-dimensional network (Fig. 6 ). For the C5-H5A···Cg1 contact (Cg1 = sq ring), the distance between atom H5A and the sq ring centroid is 2.935Å [symmetry codes; (1 − x, 1/2 + y, 1/2 − z) and (x, 1/2 − y, 1/2 + z)], with a C-H··· Cg angle of 136.9 • . Compound 4 also undergoes π ···π interactions between pyrimidinium rings [symmetry code; −x, 2 − y, 1 − z] with a perpendicular distance from Cg2 to Cg2 of 3.286Å (Fig. 4) .
Experimental Section
Materials and measurements
All chemicals used were analytical grade. The IR spectra were recorded in the 4000 -400 cm −1 region with a Mattson 1000 FT-IR spectrometer using KBr pellets. A TG8110 thermal analyzer was used to record simultaneous TG, DTG and DTA curves in static air atmosphere at a heating rate of 10 K min −1 in the 20 -700 • C temperature range using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference and the DTG sensitivity was 0.05 mg s −1 .
Crystallographic analyses
Data collections were performed on a STOE IPDS II image plate detector using MoK α radiation (λ = 0.71073Å). Intensity data were collected in the θ range 3.45 -26.00 • at 296 K. Data collections: Stoe X-AREA [32] . Cell refinement: Stoe X-AREA [32] . Data reduction: Stoe X-RED [32] . The structures were solved by direct methods using SIR97 [33] , and anisotropic displacement parameters were applied to non-hydrogen atoms in a full-matrix least-squares refinement based on F 2 using SHELXL-97 [34] . Molecular drawings were obtained using ORTEP-III [35] .
Synthesis of compounds
Squaric acid and the organic amines were dissolved in water/methanol (20 ml) mixtures in the molar ratio 1 : 1 for 2 and 3 and 1 : 2 for 4. The solutions were heated to 50 • C in a temperature-controlled bath and stirred for 1 h at 50 • C. The reaction mixtures were then slowly cooled to r. t. The crystals were filtered and washed with 10 ml of water and methanol and dried in air. 
